Introduction {#Sec1}
============

There is growing interest in the effect of body composition, beyond body weight, on health outcomes linked to aging \[[@CR1], [@CR2]\]. Traditionally, nutritional assessment has relied upon the body mass index (BMI) (weight/height^2^), which is easy, cheap and convenient to measure, but it is limited because the relative proportion of fat mass (FM) and fat free-mass (FFM) is unknown. Changes in body weight may be due to changes in FM, FFM or both. Although there is a positive correlation between FFM and body weight within populations, FFM cannot always be accurately predicted from weight or BMI at an individual-level \[[@CR2]\], and changes in BMI may obscure underlying shifts in the proportion of FM and FFM.

Bioelectrical impedance analysis (BIA) is a simple, portable, inexpensive and non-invasive technique to assess FFM and FM \[[@CR3]\]; however, the use of body composition measurements in routine health surveillance and in clinical practice is limited by the lack of reference data to allow the classification of individuals at risk across the age spectrum. Centile charts have been developed to describe changes in FM and FFM throughout childhood \[[@CR4], [@CR5]\] and for adults in high- and middle-income countries \[[@CR6]--[@CR9]\]. However, body composition varies by population \[[@CR10], [@CR11]\], and loss of FFM may be related to ethnicity, diet, physical inactivity or disease in older adults \[[@CR12], [@CR13]\]. Reference data are especially limited in African populations \[[@CR12]\] and resource-poor settings \[[@CR14]\]. Population-specific body composition reference data will help to elucidate age-related changes associated with ill-health, and will allow more accurate characterization of individuals at greatest risk of disability and morbidity so they can receive targeted support. This is especially important in low- and middle-income countries where the double burden of non-communicable diseases (NCDs) and infectious disease coupled with limited health systems means that healthcare resources need to be carefully prioritized \[[@CR15]--[@CR18]\].

There is growing evidence that FM and FFM are independent risk factors for NCDs. FM has been shown to be strongly associated with increased risk of chronic diseases such as hypertension, hyperlipidemia and insulin resistance \[[@CR19]\]. Conversely, reductions in FFM are characteristic of aging and independently associated with worse health outcomes and disabilities \[[@CR20], [@CR21]\], leading to frailty, reduced life expectancy in healthy subjects and impaired quality of life associated with weakness, alongside increased personal and healthcare costs \[[@CR22]--[@CR24]\]. In addition, loss of FFM, or more specifically skeletal muscle mass (SMM) in combination with increased adiposity, known as sarcopenic obesity, is increasingly recognized as a major health concern in the aging population because of its association with a higher risk of cardiometabolic and functional abnormalities \[[@CR25]\]. A previous study found an increased risk of hypertension among those with sarcopenic obesity \[[@CR26]\].

This study aimed firstly to develop age- and sex-specific centile reference curves for FFM and FM derived from BIA in an adult Kenyan population. Secondly, we aimed to investigate the association between demographic characteristics and body composition measures; and to compare the predictive value of FFM and FM relative to BMI for the association with systolic and diastolic blood pressure (BP).

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

This study used data from a subsample of participants (*n* = 1995) from the longitudinal Nakuru Eye Disease Cohort Study \[[@CR27]\]. The primary aim of the study was to establish a survey which formed the baseline to a 6-year prospective cohort study to estimate the incidence and progression of eye disease in this population and the data collection reflected these goals. The initial study population was determined following a baseline population-based survey conducted in 2007--2008 with the aim of recruiting a sample of \~5000 participants aged ≥50 years, based on an expected prevalence of a visual acuity of \<6/12 in the better eye caused by posterior segment disease of 3.0%. A total of 100 clusters each of 50 participants were selected with a probability proportional to the size of the population across Nakuru district. Households were selected within clusters using a modified compact segment sampling method. In total, 4381 participants at baseline (87.4% response rate) underwent complete examination across 100 clusters. A follow-up examination was conducted 5.6 years later (January 2013 to March 2014), in which 2170 (50%) participants were followed up. Among these, 1995 participants (*n* = 950 men and *n* = 1045 women, 92% of the follow-up sample) had complete data on body composition and BP, which was used for the present analysis.

Further details of all the procedures undertaken for all participants who attended an examination clinic at baseline and follow-up are available elsewhere \[[@CR27]\]. Structured interviews were performed in the participant's preferred language covering (i) demographic; (ii) past medical and ocular history including medication and relevant family history; (iii) known NCD risk factors; and (iv) socioeconomic status based on job, housing conditions, ownership of material goods and livestock which is translated in to a score based on previous work in the same population \[[@CR28]\].

The study adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of London School of Hygiene & Tropical Medicine (LSHTM Ref 6192) and by the African Medical and Research Foundation (AMREF) Ethics Committee (AMREF-ESRC P44/12).

Anthropometry and BIA {#Sec4}
---------------------

As per protocol, a nurse recorded measures for height (m) (Leicester Height Measure, Chasmors Ltd, London) and weight (kg) (Seca 761, Williams Medical Supplies, London). BMI was calculated as the weight (kg) divided by the squared height (m). BIA was performed in non-fasting and resting conditions, using a Tanita Segmental Body Composition Monitor (BC-601, Tanita Corp). This study used data on FM and FFM, calculated as the sum of the predicted total muscle mass (which includes skeletal and smooth muscle and the water contained in those) and bone mineral mass.

Consistent with previous studies \[[@CR9], [@CR29], [@CR30]\] and in order to account for the fact that people with the same body weight and FM percentage who differ in height will have different body composition status, height-adjusted indexes for body composition were calculated: FMI (fat mass/height^2^) and FFMI (fat-free mass/height^2^).

Blood pressure {#Sec5}
--------------

Three measurements of systolic and diastolic BP were taken using an Omron Digital Automatic Blood Pressure Monitor (HEM907, Omron) after the study participant had been seated for at least 10 min and each reading was taken 10 min apart. The mean of the three measurements was used.

Development of centile curves {#Sec6}
-----------------------------

Centile curves were constructed for men and women separately using the LMS method, which summarizes the data in terms of three smooth age-specific curves, namely L (lambda), M (mu) and S (sigma) \[[@CR31]\]. The M and S curves correspond to the median and coefficient of variation of each body composition measure at each age, whereas the L curve allows for the age-dependent skewness in the distribution of each body composition measure. The LMS function from the R package GAMLSS was used to estimate age-specific centile curves \[[@CR32], [@CR33]\]. Following the same format of other growth reference curves \[[@CR4], [@CR5]\], centile curves for FFMI and FMI were calculated, from the 2nd to the 98th percentiles, spaced two-thirds of an SD score apart.

Statistical analyses {#Sec7}
--------------------

Stata version 14 was used for the statistical analyses. For descriptive analyses, means (SD) or samples (%) were used to describe demographic characteristics, anthropometric and health characteristics among men and women separately. Mean FMI and FFMI in each percentile were summarized for different age groups: 50--59, 60--69; 70--79; 80+. Four multivariable linear regression models were used to describe the population characteristics associated with each body composition index (i.e., FFMI and FMI) as well as for the BMI. Mean values were predicted for each demographic characteristic. The means presented are unconditional means calculated by averaging over the other variables in the model rather than estimating the means at fixed levels of the other covariates (reference levels). Four independent multivariable linear regression models were run to obtain beta coefficients (95% confidence interval (CI)) for the association between each measure (FFMI, FMI and BMI) and systolic and diastolic BP with adjustment for confounding variables such as age, gender, tribe, urban/rural, education, smoking and alcohol intake. In order to compare the predictive value between each body composition index (FFMI and FMI) and BMI, partial Pearson\'s correlation coefficients were obtained from the above multivariable models. Values of each body composition index and BMI were standardized into *z*-scores before running the models to allow comparison of their partial Pearson\'s correlation coefficients.

Results {#Sec8}
=======

Participant characteristics {#Sec9}
---------------------------

From a total of 2170 Kenyan adults, a high proportion of participants had no education (17.1% men and 46.1% women) or only primary education (55.7% men and 31.8% women). The predominant tribal group was Kikuyu (Table [1](#Tab1){ref-type="table"}).Table 1Demographic characteristics of the study populationMen (*n*=950)Women (*n*=1045)Demographic characteristicsMean/nSD/%Mean/nSD/%Age (years)67.88.766.68.9Maximum education levelNone16217.148246.1Primary52555.340939.1Secondary/college/university25226.513012.4Missing111.2242.3Socioeconomic status1 quartile (poorest)24425.722021.12 quartile19420.422821.83 quartile18619.624123.14 quartile (richest)18719.718317.5Missing13914.617316.6TribeMixed13213.911511.0Kikuyu55958.870267.2Kalenjin25927.322821.8

Mean BMI was within the healthy range for men: 23.1 ± 4.4 and in the overweight range for women: 26.1 ± 5.6 g/m^2^ (Table [2](#Tab2){ref-type="table"}). The prevalence of obesity was lower in men (7.2%) compared to women (25.5%). FFM was higher in men (47.4 ± 7.2 kg) than in women (38.8 ± 5.5 kg), while FM was lower in men (17.3 ± 8.1 kg) than in women (24.4 ± 10.2 kg). Mean systolic BP for men was 134.0 ± 23.1 mm Hg and 130.8 ± 24.2 mm Hg for women. Mean diastolic BP was 82.7 ± 13.1 mm Hg for men and 82.6 ± 12.9 mm Hg for women. The majority of men and women never smoked (73.7% and 98.4%, respectively). A higher proportion of men consumed alcohol in the past or currently (55.7% and 25.3%, respectively) compared to a higher proportion of women who never consumed alcohol (60.1%).Table 2Health-related participant characteristicsMen (*n*=950)Women (*n*=1045)Mean/*n*SD/%Mean/*n*SD/%Weight (kg)64.713.563.214.8Height (cm)167.27.0155.46.6BMI (kg/m^2^)23.14.426.15.6BMI categoryUnderweight (\<20 kg/m^2^)12613.3767.3Normal weight (20--25 kg/m^2^)53055.840038.3Overweight (25--30 kg/m^2^)22623.830329.0Obese (\>30 kg/m^2^)687.226625.5FFM (kg)47.47.238.85.5FFMI (kg/m^2^)16.92.116.11.9FM (%)25.67.737.18.2FM (kg)17.38.124.410.2FMI (kg/m^2^)6.22.910.14.1FFM to FM index3.41.81.91.0Blood pressureSystolic (mm Hg)134.023.1130.824.2Diastolic (mm Hg)82.713.182.612.9Smoking statusNever70073.71,02898.4Former12513.230.3Current9710.250.5Alcohol consumptionNever16717.662860.1Former52955.733231.8Current24025.3656.2

Body composition reference values {#Sec10}
---------------------------------

Figure [1a--d](#Fig1){ref-type="fig"} shows age- and gender-specific centiles curves for FFMI and FMI. FFMI demonstrated a relatively consistent and significant rate of decline with age for both men and women (Fig. [1a, b](#Fig1){ref-type="fig"}). At the median, FFMI for men is 17.3 kg/m^2^ at 60 years and declines to 15.3 kg/m^2^ at 90 years (Supplemental Table [1](#MOESM1){ref-type="media"}). The younger women began with a lower FFMI than for men but followed a similar pattern with a median FFMI at 60 years of 16.4 kg/m^2^ declining to 14.5 kg/m^2^ at 90 years.Fig. 1Age- and sex-specific centile reference curves for fat-free mass (FFM) and fat mass (FM) adjusted for height

FMI for men peaked between 60 and 70 years, followed by a gentle decline before stabilizing between 80 and 90 years (Fig. [1c](#Fig1){ref-type="fig"}). In women, FM shows an on-going decline as age increases (Fig. [1d](#Fig1){ref-type="fig"}). The decline in men began at 60 years with a lower FMI of 5.7 kg/m^2^, decreasing to 5.3 kg/m^2^ at 90 years. Women however started at 60 years with a median FMI of 10.7 kg/m^2^ and reduced to 7.9 kgm^2^ at 90 years.

Sociodemographic correlates of body composition {#Sec11}
-----------------------------------------------

Multivariable linear regression models were used to investigate associations between each body composition measure and demographic and lifestyle characteristics (Table [3](#Tab3){ref-type="table"}). Consistent with the results shown in the centile curves, mean FFMI was significantly lower in older age groups in both men and women, while FMI was significantly lower in older ages only among women. BMI was significantly lower in older age groups among men and women.Table 3Estimated marginal mean (SE)^a^ from descriptive models of participant characteristics in association with body composition statusFFMIFMIFFM to FMBMIMenWomenMenWomenMenWomenMenWomenMeanSEMeanSEMeanSEMeanSEMeanSEMeanSEMeanSEMeanSEAge group60 (*n* = 1314 from 55--69 years)17.30.116.30.16.30.110.30.23.40.11.90.023.50.226.70.270 (*n* = 466 from 70--79 years)16.80.1\*15.90.1\*6.20.19.90.1\*3.40.11.90.023.00.1\*25.90.2\*80 (*n* = 188 from 70--79 years)16.40.1\*15.50.1\*6.10.29.50.2\*3.30.12.00.122.50.3\*25.10.3\*90 (*n* = 27 from 70--79 years)16.00.2\*15.10.2\*6.00.39.10.4\*3.20.22.00.122.00.4\*24.30.5\*TribeMixed (*n* = 247)17.10.216.00.25.80.39.60.43.70.22.00.122.90.425.60.6Kikuyu (*n* = 1261)17.10.116.10.16.40.1\*10.20.13.30.1\*1.80.023.50.226.30.2Kalenjin (*n* = 487)16.60.1\*16.00.15.80.29.90.33.50.12.00.122.40.325.90.4ResidenceRural (*n* = 1506)16.70.115.90.15.80.19.70.13.50.11.90.022.50.225.60.2Urban (*n* = 489)17.50.1\*16.50.1\*7.30.2\*11.30.3\*3.00.1\*1.90.124.80.3\*27.90.4\*EducationNone (*n* = 644)16.50.215.80.16.10.29.30.23.40.22.00.022.60.425.10.3Primary (*n* = 934)16.90.1\*16.30.1\*6.00.110.50.2\*3.50.11.80.1\*22.90.226.80.3\*Secondary/college/university (*n* = 382)17.40.1\*16.50.2\*6.60.211.50.4\*3.20.11.60.1\*24.00.3\*28.10.5\*SmokingNever (*n* = 1728)17.10.116.10.16.40.110.10.13.30.11.90.023.50.226.20.2Former (*n* = 128)16.80.215.31.06.30.310.12.23.50.21.70.623.10.425.43.0Current (*n* = 102)15.60.2\*15.20.84.50.3\*8.61.74.10.2\*2.80.4\*20.20.4\*23.82.3Alcohol intakeNever (*n* = 795)17.10.216.20.16.30.210.20.23.50.11.90.023.30.326.40.2Former (*n* = 861)17.00.116.00.16.20.110.10.23.30.11.90.123.20.226.00.3Current (*n* = 305)16.80.115.40.2\*6.00.28.60.5\*3.50.12.30.1\*22.70.324.00.7\*\**P* \< 0.05^a^ Results are estimated marginal means (SE) from multivariable linear regression models that included each body composition measure or BMI as the outcome and the demographic characteristics as predictors

Men and women from urban areas had a significantly higher FFMI, FMI and BMI than those from rural areas. Among participants with secondary education and above compared to those with no education, men had significantly higher FFMI and BMI, whereas women had significantly higher FFMI, FMI and BMI. Compared to never smokers, men who currently smoked had significantly lower FFMI, FMI and BMI. Among women, those currently consuming alcohol had a significantly lower FFMI, FMI and BMI compared to those who never consumed alcohol.

Associations of body composition measures and BMI with BP {#Sec12}
---------------------------------------------------------

Table [4](#Tab4){ref-type="table"} shows standardized beta estimates and partial correlation coefficients for the association between each body composition measure and BP after adjustment for age, gender, tribe, urban/rural, education, smoking and alcohol intake. BMI, FFMI and FMI are all positively associated with both systolic and diastolic BP with correlation coefficients ranging from 0.13 to 0.22. After adjusting for body weight the associations were weakened. However, FFMI remained significantly positively associated with higher systolic BP and FMI with higher diastolic BP.Table 4Standardized beta coefficients and partial correlations^a^ relating each body mass measure with BPSystolic BPDiastolic BP*r*Beta95% CI*Pr*Beta95% CI*P*Model 1^b^BMI0.153.982.815.160.0000.223.232.593.870.000FFMI0.153.642.554.740.0000.182.391.792.990.000FMI0.133.222.134.310.0000.212.862.263.450.000Model 2^c^FFMI0.072.611.034.180.0010.040.68−0.181.540.119FMI0.031.51−0.613.630.1620.061.600.452.750.006^a^ Results are *r* (partial Pearson\'s correlation coefficient) and standardized beta coefficients (95% CI)^b^ Model 1 adjust for age, gender, tribe, urban/rural, education, smoking and alcohol intake^c^ Model 2 includes body weight (kg) plus all the other covariates included in model 1

Discussion {#Sec13}
==========

This analysis presents novel age- and sex-specific reference curves for body composition (FMI and FFMI) in an older Kenyan population. This study confirms that FFM is lower in both men and women at older ages. FM also declines with age in women while among men the decline starts after 70 years. FMI, FFMI and BMI were all positively associated with systolic and diastolic BP, and after adjusting for body weight, the FFMI remained positively associated with systolic BP whereas the FMI remained positively associated with diastolic BP.

Most reference values for body composition are focused on predominately white populations from Sweden, Switzerland, the United Kingdom and the United States, with only a limited number of other non-white populations, including Japanese, African Americans and Mexican Americans \[[@CR9], [@CR11], [@CR12], [@CR14], [@CR34], [@CR35]\]. To our knowledge, there are no reference values for body composition specifically derived for Black African populations. The Japanese women have the lowest overall FFMI followed by similar FFMI for each age category from the Kenyan and Swedish populations; both the White and African American populations have the overall highest FFMI across the age categories. For men, the Kenyan population has lowest mean FFMI for each age category followed closely by the Japanese population. The male Swedish and both American populations have significantly higher FFMI for each age category. All ethnicities show a trend towards gradual decreasing FFMI for men, whereas those of United States and Sweden show a more static trend for women with a gradual decline in the Kenyan and Japanese populations. The overall lower FFMI and more rapid decline with age observed in the Kenyan cohort for both men and women compared to other studies may be due in part to poorer nutrition, particularly protein intake; between 2005 and 2007, dietary protein consumption for Kenya was 58 g/person/day and for United Kingdom, Sweden, United States and Japan was 104, 107, 114 and 92 g/person/day respectively \[[@CR36]\]. Other potential explanations may include higher incidence of disease both infectious and non-communicable, and lower physical activity levels which may be related to comorbidity restriction. However, the differences in the trends observed highlights the need for ethnic-specific reference data on body composition.

The Swedish data show the population FMI to increase between 50 and 61 years and over 75 years \[[@CR14]\]. In a slightly older Japanese population of women there was little change in FMI from 65 years to 85+ years, and this is in contrast to our Kenyan women aged over 55 years in whom FMI progressively declines. Among Swedish men, the FMI increases by 1 kg/m^2^ between the two age groups, whereas the Kenyan men exhibited a marginal decline in FMI with age and are more similar to the Japanese older male population who demonstrated a marginal decrease by 85+ years following a small increase at 75 years \[[@CR11]\]. However, the sample size is small, limiting a more detailed interpretation.

Our second objective was to explore the relationship between FFMI and FMI with BP. Our models suggest both FFMI and FMI are positively associated with diastolic and systolic BP. However, there was no evidence to suggest that FMI and FFMI were superior to measurement of BMI alone. These findings are consistent with others studies that show that simple anthropometric measures such as BMI or waist circumference are strongly associated with obesity-related health risk factors such as high BP \[[@CR37], [@CR38]\]. BMI remains an inexpensive, easy to implement measure that is strongly associated with increased risk of components of the metabolic syndrome \[[@CR39], [@CR40]\] and thus an important screening tool.

The main strength of this study is the focus on older people in Kenya, while previous studies including African ethnicities have all included African Americans. We are unable to account for any bias that may have been imposed in using a follow-up subsample of the cohort, and generally those not included were those whom had died, moved away, were not located or were located but did not come to the examination. This may have affected the representativeness of the initial population sample. BIA was used to measure body composition because it is cheaper and easier to use in the field than reference techniques. BIA has been compared against reference methods such as whole-body dual energy X-ray absorptiometry showing high correlations \[[@CR41]--[@CR43]\], but it is less accurate at an individual level, especially at very high BMIs \[[@CR43]\]. Moreover, the bioimpedance measures of body composition rely on predictive algorithms developed using data from diverse populations, mostly Caucasians. However, uncertainty remains over whether these estimates are less accurate for this Kenyan population \[[@CR44]\]. Also, the reference values presented in this study are specific to the particular scale used.

An additional limitation is that we used measures of FFM rather than SMM. FFM includes SMM but also organ weight and other non-fat components such as bone mass, while SMM specifically is a more important tissue for the maintenance of glucose homeostasis and potentially a stronger biomarker for metabolic health \[[@CR45]\]. While FFM and SMM are strongly correlated, we can only infer that the individuals in the lower centiles may have sarcopenia, a known risk factor for disability, independent of morbidity \[[@CR1]\]. Nonetheless, this type of population-specific reference data for body composition in the elderly could potentially be used in health checks to identify individuals who may be at risk of sarcopenia, or to monitor changes in body composition over time to identify people with disproportionate losses of FFM, which may lead to frailty. Further research is needed into the relationship between FMI or FFMI and clinical outcomes in prospective cohorts, especially among people of non-Caucasian ethnicity given the known discrepancies between BMI and body composition across different ethnic groups \[[@CR46]\] in order to identify clinical thresholds for intervention.

Conclusion {#Sec14}
==========

This study presents novel reference data for FM and FFM in an older Kenyan population and confirmed that FFM is lower in both men and women with increasing age. It also shows a significant decline in FM in women with a smaller decline in men. FMI, FFMI and BMI were all positively associated with systolic and diastolic BP. Both FFMI and FMI show similar associations to those observed with BMI. The trends observed in the Kenyan population may be related to ethnic differences in body composition and highlights the need for ethnic-specific reference data on body composition. Further research should also consider the prospective associations with health, including frailty-related outcomes.
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